INTRODUCTION
Remarkable progress since the early 1970s has established marine diatom biochronologies for the Neogene and Quaternary (e.g., Burckle, 1972; Koizurni, 1973; Schrader, 1973; McCollum, 1975; Barron, 1980 Barron, , 1982 Barron, -83, 1985 Weaver and Gombos, 1981) and Paleogene (e.g., Gombos, 1976 , Hajbs, 1976 Schrader and Fenner, 1976; Gombos and Ciesielski, 1983; Fenner, 1984a Fenner, , 1984b Fenner, , 1985 . The results of the Deep Sea Drilling Project (DSDP) have been crucial in these efforts. Core material obtained during these voyages has furnished scientists with a unique opportunity to study long, continuous, undisturbed sections from the world's oceans. These cores often span considerable geologic time and thus facilitate the comparison of successional patterns of marine diatoms in different ocean basins. Also, the presence of other microfossils in these cores, as well as paleomagnetic and radiometric data, have provided the age control necessary to establish marine diatom biochronologies.
The biochronology of lacustrine diatoms, by comparison, is poorly understood (Bradbury and Krebs, 1982) , because 1) there are few specialists in lacustrine fossil diatoms, 2) past research has dealt mainly with taxonomy and/or paleoecology, 3) non-marine deposits are "thin" and only represent brief periods of geologic time, 4) patterns of diatom succession are difficult to compare because lacustrine diatomaceous sedlrnents are of lunited areal extent and often represent different limnological conditions, 5) lacustrine sediments may be poorly dated because of the lack of associated fossils, and 6) there is much taxonomic confusion. Fortunately, however, a sigdicant number of lacustrine diatomaceous deposits in the western United States are interbedded with volcanic rocks that have been quantitatively dated. These absolute ages permit the associated diatom floras to be arranged in geochronological order.
From these geochronologically stacked fossil lacustrine diatom floras, we have selected several important genera that appear to be most useful for biostratigraphy. Our criteria are those typical of other index or guide fossils, i.e., they are abundant, well-preserved, identifiable, and widespread forms that evolved rapidly. More detailed descriptions and range charts will be provided at a later date. For this paper, we wish to document a general pattern of diatom evolution that is a useful biostratigraphic tool.
MATERIALS
Several hundred samples of lacustrine diatomaceous sediment of Miocene or younger age were examined in this study. These samples were obtained from 82 locahties in the western United States, mostly from the Great Basin ( Fig. 1 and Appendix 1). The localities include stratigraphic sections as thick as 130 m as well as isolated outcrops exemplified by one sample.
Thirty-four of these localities have absolute ages that provide geochronological control. In most cases, these absolute ages were obtained from volcanics interbedded with lacustrine diatomaceous sediment. A few are second order age estimates based on stratigraphic relationships with other well-dated units. Fossil mammals and stratigraphy have provided relative geologic ages for most of the remaining 48 localities, and these samples have proven to be useful for morphological comparisons, distribution analysis, and as tests of our biochronological model. Range extensions of species are certain to occur as additional data are accumulated. We are confident, however, that the general outline of lacustrine diatom biochronology presented herein w i l l remain intact. We regard some reported dmtom occurrences as likely contamination or misidentification, e.g., Stephanodiscus Ehrenberg in the middle mocene (Van Landingham, 1964 ). This conclusion is based on our reexamination of samples from the subject localities as well as on our own experience.
RESULTS AND DISCUSSION
We have selected five diatom genera belonging to two families for our lacustrine diatom biochronology (Fig. 2) . Of these five genera, three are restricted to non-marine waters:
Mesodictyon Theriot et Bradbury nom. prov., Cyclostephanos Round, and Stephanodiscus. Actinocyclus Ehrenberg is today confined to coastal marine environments, although two species, A. normanii (Gregory) Hasle and A. ehrenbergii Ralfs, are occasionally found in non-marine conditions (Yezdani, 1970; Hasle, 1977; Foged, 1978; Belcher and Swale, 1979) . There are no known extant obligate non-marine species of Actinocyclus, and the Miocene forms that we have found in lacustrine sediments appear to have been restricted to that environment, for they have not yet been reported in marine diatomaceous rock. Cyclotella (Kiitzing) BrCbisson, by comparison, is primarily a non-marine genus, although a few species have been reported in coastal marine waters (e.g., Lange and Syvertsen, 1986) .
In lacustrine sediments of the western United States, Actinocyclus (Fig. 3A, 3B , 3D, and 3E) is restricted to the early and middle Miocene. Its acme occurred between 11 and 13 Ma (middle middle Miocene), and a single species lasted to the end of the middle Miocene. Mesodictyon (Fig. 3C , 3F, and 3G) is restricted to the late Miocene and is widespread and diverse in lacustrine sediments of that age. The oldest forms of Cyclotella ( Fig. 41 , 41, 4K, and 4L) in lacustrine sediments are of middle Miocene age. The genus diversified during the late Miocene and rapidly evolved during the Pliocene. It is common today in lakes and rivers of North America.
Stephanodiscus (Fig. 4A , 4B, 4C, 4D, 4E, and 4F) and Cyclostephanos ( Fig. 4G and 4H) first appeared near the Miocene-Pliocene boundary, although both genera probably evolved during the latest Miocene. S@hanodiscus evolved rapidly during the Pliocene and Pleistocene and today is a diverse, widespread genus. Cyclostephanos, although apparently represented by fewer living species than Stephanodiscus, is also extant and widely distributed (Theriot and Kociolek, 1986) .
This outline of lacustrine diatom biochronology is, of course, very general in nature. We have described new species (Theriot and Bradbury, in press) and will detail geologic ranges in future publications. The purpose of this paper is to report that lacustrine diatoms have evolved and that this evolution can be used to correlate and date lacustrine rocks in the western United States. We have tested our model on numerous occasions and have had success with both surface and subsurface samples. For example, species ofActinocyclus confirm the late Clarendonian age of the middle diatomite member of the Truckee Formation (Fig. 1, locality 55) (MacDonald, 1950 (MacDonald, , 1956 ) and a Barstovian age for "Diatomite Ridge," Stewart Valley, Nevada (Fig. 1 , loc. 20) (S. Starratt, pers. comm., 1986; 1986) . Additionally, our lacustrine diatom biochronology has provided time-stratigraphic control in subsurface wells in Carson Sink, Nevada, the western Snake River Basin of Idaho and Oregon, the Salt Lake Basin of Utah, and in Lernhi Valley, Idaho.
In regions of numerous lacustrine diatomaceous outcrops such as Carson S i n k and Walker Lake of Nevada and the Snake River Basin of Idaho and Oregon, reworking of older deposits into younger sediments can pose problems. For example, Actinocyclus sp. B (Fig. 4B ) appears in the Quaternary and Holocene sediments of Walker Lake, because it has been eroded from Miocene diatomaceous outcrops along the Walker River. These reworking problems are not, however, any greater than those frequently encountered by marine diatom biostratigraphers.
We have found that these forms are widely distributed in the western United States and that the western Snake River Basin, with its Neogene and Quaternary lacustrine diatomaceous sedunents, accurately records the biochronological pattern herein presented. The modes of lacustrine diatom transportation are varied and include interconnected drainages, airborne, insect, and bird dispersal (Darwin, 1859; Wutrich and Matthey, 1980) . Assuming that during the Miocene and Pliocene western North American presented fewer obstacles to lacustrine diatom dispersal than today, it is not surprising that these fossil forms are so widely distributed. In fact, the modern ubiquitous distribution of Stephanodiscus niagarae Ehrenberg provides an analog for non-marine diatom distribution that is consistent with the geographic range of Neogene lacustrine planktonic diatoms (Theriot and Stoermer, 1984) . Furthermore, we have noted that fossil lacustrine Actinocyclus and Mesodictyon occur elsewhere in the world in rocks of possible equivalent age (Bradbury, 1984; Qi, 1986; Servant-Vddary, 1986 ; K. Serieyssol, pers. comm., 1986 ; E. Fourtanier, pers. 
APPENDIX I List of Diatom Sample Localities
For each locality number (shown in Figure 1) there is a corresponding U.S.G.S. Diatom Locality Number as well as information regarding collector, date, locality description, stratigraphic and age assignment, or absolute age if known (and marked with an asterisk).
